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LITHOGRAPHIC PRINTING INKS COMPRISING ACID-FUNCTIONAL VINYL P(M-YMER AND POLYOL PHASE 

FIFI n OF THF INVENTION 

The present invention relates to compositions of lithograpliic printing 
5 inks and lithographic printing methods. 
RACKGROUN n OF THF INVENTION 

Printing inks generally include one or more vehicles and one or more 
colorants as principal components. Printing ink vehicles must meet a number 
of performance requirements that include both requirements related to the 
10 printing process, such as suitable consistency and tack for sharp, clean 
images, suitable length to avoid fly or mist, or proper drying characteristics, 
and requirements related to the printed image, such as gloss, chemical 
resistance, durability, or color. In general, ink vehicles include one or more 
materials such as vegetable oils or fatty acids, resins, and polymers that 
15 contribute to the end product properties, and may include other components 
such as organic solvents, water, rheology modifiers, and so on that may affect 
body, tack, or drying characteristics. 

In lithographic printing, an inked printing plate contacts and transfers 
an inked image to a mbber blanket, and then the blanket contacts and 
20 transfers the image to the surface being printed. Lithographic plates are 
produced by treating the image areas of the plate with an oleophilic material 
and ensuring that the non-image areas are hydrophilic. In a typical 
lithographic printing process, the plate cylinder first comes in contact with 
dampening rollers that transfer an aqueous fountain solution to the hydrophilic 
25 non-image areas of the plate. The dampened plate then contacts an inking 
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roller, accepting the ink only in the oleophilic image areas. The press 
operator must continually monitor the printing process to insure that the 
correct balance of the fountain solution and the ink is maintained so that the 
Ink adheres to the printing areas, but only the printing areas, of the plate in 
5 order to produce a sharp, well-defined print. 

The industry has long sought an offset printing process and associated 
materials that would not require a separate fountain solution. Wateriess 
plates have been made by applying to the non-image area a silicone rubber, 
which has a very low surface energy and is not wetted by the ink. The 
10 silicone-modified plates are expensive, however, and require expensive, 
specially-cooled press equipment because the fountain solution of the 
traditional two-fluid method also serves as a coolant. Other efforts have been 
directed to producing a single-fluid lithographic ink. i.e.. an ink that does not 
require a separate fountain solution, that can be used with the industry- 
15 standard presses and all-metal plates. Parkinson, in U.S. Patent No. 
4.045.232 (the entire disclosure of which is expressly incorporated herein by 
reference) describes lithographic printing and eariier efforts directed to 
producing a single-fluid lithographic ink and the tendency of single-fluid inks 
to be unstable. Parkinson notes that ink emulsions containing a solution of 
20 glycerin and salts tend to "break." with the result that the glycerin wets the 
inking rollers preventing good inking. Paridnson suggests an improved 
single-fluid ink obtained by using an additive that includes a resin treated with 
a concentrated mineral acid. and. optionally, a polyhydric or monohydric 
alcohol. Preferred polyols are glycerin, ethylene glycol, and propylene glycol. 
25 DeSanto. Jr. et al. in U.S. Patent No. 4.981.517 (the entire disclosure of 
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Which is expressly incorporated herein by reference) describe a printing inl^ 
that is an emulsion of an oil-based phase and a water-miscible phase. The 
patentees allege that an emulsion containing a significant portion of water 
(10% to 21%) and employing phosphoric acid as a critical component has 
5 improved stability against phase separation and can be used as a single-fluid 
lithographic inl^. The De Santo, Jr. composition further includes as a diluent 
and emulsion stabilizer an oil with the properties of No. 1 and No. 2 fuel oils 
and a polyol emulsifier. of which glycerin and ethylene glycol are the only 
examples provided. 

10 Nonetheless, due to various drawbacks of the single-fluid lithographic 

inks that have previously been proposed, including the limited stability and 
poor definition and toning already mentioned, the industry standard continues 
to be a dual-fluid lithographic ink that includes an ink component and a 
separate fountain solution component. 
15 Applicants have now discovered that an ink composition that includes 

a polyol phase dispersed or emulsified in an acid-functional vinyl resin vehicle 
phase overcomes these problems in a single-fluid lithographic ink. 

■<;i IMMARY OF THF INVENTION 
The invention provides a single fluid lithographic printing ink 
20 composition that includes a hydrophobic phase and a polyol phase. The 
hydrophobic phase comprises at least a vinyl resin having carboxyl 
functionality. The temi "vinyl resin" when used in conjunction with the present 
invention includes polymers prepared by chain reaction polymerization, or 
addition polymerization, through carbon-carbon double bonds, using vinyl 
25 monomers such as acrylic and methacrylic monomers, vinyl aromatic 
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monomers including styrene. and monomers copolymerizable with these. 
The vinyl polymers of the invention may be branched by including in the 
polymerization reaction monomers that have two reaction sites. When the 
vinyl polymer is branched, it nonetheless remains usefully soluble. By 
5 "soluble- it is meant that the polymer can be diluted with one or more 
solvents. (By contrast, polymers may be crosslinked into insoluble, three- 
dimensional network stmctures that are only be swelled by solvents.) The 
branched vinyl resins of the invention unexpectedly retain solubility in spite of 

significant branching. 

The invention further provides a method of making an ink composition 
having a phase that includes a vinyl resin having carboxyl functionality and a 
polyol phase. In another aspect of the invention, the vinyl-based printing ink 
is modified by the addition of another vehicle resin. The invention also 
provides a process of pririting using the single fluid ink of the invention. 
15 The invention has unexpectedly provided stable inks that can be used 

as single fluid inks with improved resistance to toning. 

n pTAll ED pcgrRIPTIQN QP THF INVENTION 
The invention provides a single fluid lithographic printing Ink 
composition that includes a hydrophobic phase and a polyol phase. The 
20 hydrophobic phase comprises at least a vinyl resin having carboxyl 
functionality. The tern, "vinyl resin" when used in conjunction with the present 
invention includes polymers prepared by chain reaction polymerization, or 
addition polymerization, thmugh cariDon-carbon double bonds, using vinyl 
monomers and monomers copolymerizable with vinyl monomers. Typical 
25 vinyl monomers include, without limitation, vinyl esters, acrylic and 
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methacrylic monomers, and vinyl aromatic monomers including styrene. The 
vinyl polymers of the invention may be branched by Including in the 
polymerization reaction monomers that have two reaction sites. When the 
vinyl polymer is branched, it nonetheless remains usefully soluble. By 
5 "soluble" it is meant that the polymer can be diluted with one or more 
solvents. (By contrast, polymers may be crosslinked into insoluble, three- 
dimensional network structures that are only be swelled by solvents.) The 
branched vinyl resins of the invention unexpectedly retain solvent dilutability 
in spite of significant branching. 
10 The carboxyl-functional vinyl polymers of the invention may be 

prepared by polymerization of a monomer mixture that includes at least one 
acid-functional monomer or at least one monomer that has a group that is 
converted to an acid group following polymerization, such as an anhydride 
group. Examples of acid-functional or anhydride-functional monomers 
15 include, without limitation, a.p-ethylenicaily unsaturated monocarboxylic acids 
containing 3 to 5 carbon atoms such as acrylic, methacrylic. and crotonic 
acids; a.p-ethylenically unsaturated dicarboxylic acids containing 4 to 6 
carbon atoms and the anhydrides and monoesters those acids, such as 
maleic anhydride, and fumaric acid; and acid-functional derivatives of 
20 copolymerizable monomers, such as the hydroxylethyl acrylate half-ester of 
succinic acid. 

It is preferred to include an acid-functional monomer such as acrylic 
acid, methacrylic acid, or crotonic acid, or an anhydride monomer such as 
maleic anhydride or itaconic anhydride that may be hydrated after 
25 polymerization to generate acid groups. It is preferred for the acid-functional 
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Vinyl polymer to have an acid number of at least about 3 mg KOH per gram 
nonvolatile, preferably an acid number of from about 6 to about 30 mg KOH 
per gram nonvolatile, and more preferably an acid number of from about 8 to 
about 25 mg KOH per gram nonvolatile, based upon the nonvolatile v^eight of 

5 the vinyl polymer. 

In a preferred embodiment, the acid-functional polymers of the 
invention are significantly branched. The inks of the invention include a vinyl 
polymer that is branched but usefully soluble. The branched vinyl polymers of 
the invention may be diluted, rather than swollen, by addition of solvent. The 
10 branching may be accomplished by at least two methods. In a first method, a 
monomer with two or more polymerizable double bonds is included in the 
polymerization reaction. In a second method, a pair of ethylenically 
unsaturated monomers, each of which has in addition to the polymerizable 
. double bond at least one additional functionality reactive with the additional 
15 functionality on the other monomer, are included in the monomer mixture 
being polymerized. Preferably, the reaction of the additional functional 
groups takes place during the polymerization reaction, although this is not 
seen as critical in the fomiation of a polymer according to the invention and 
the reaction of the additional functional groups may be carried out partially or 
20 wholly before or after polymerization. A variety of such pairs of mutually 
reactive groups are possible. Illustrative examples of such paire of reactive 
groups include, without limitation, epoxide and cartioxyl groups, amine and 
carboxyl groups, epoxide and amine groups, epoxide and anhydride groups, 
amine and anhydride groups, hydroxyl and carboxyl or anhydride groups. 
25 amine and acid chloride groups, alkylene-imine and carboxyl groups. 
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organoalkoxysilane and carboxyl groups, isocyanate and hydioxyl groups, 
cyclic carbonate and amine groups, isocyanate and amine groups, and so on. 
When carboxyl or anhydride groups are included as one of the reacth.e 
groups, they are used in a sufficient excess to provide the required carboxyl 
5 functionality in the vinyl resin. Specific examples of such monomers include, 
without limitation, glycidyl (meth)acrylate with (meth)acrylic acid. N- 
alkoxymethylated acrylamides (which react with themselves) such as N- 
isobutoxymethylated acrylamide. gamma-methacryloxytrialkoxysilane (which 
reacts with itselO. and combinations thereof. In connection with the 
10 description of this invention, the iem -(meth)acrylate- will be used to refer to 
both the acrylate and the methacrylate esters and the tem, -(meth)acrylic- will 
be used to refer to both the acrylic and the methacrylic compounds. 

Preferably, the vinyl resin of the invention is polymerized using at least 
one monomer having two or more polymerizable ethylenically unsaturated 
15 bonds, and particularly preferably from two to about four polymerizable 
ethylenically unsaturated bonds. Illustrative examples of monomers having 
two or more ethylenically unsaturated moieties include, without limitation. 
(meth)acrylate esters of polyols such as 1 .4-butanediol di(meth)acrylate. 1.6- 
hexanediol di(meth)acrylate. neopentyl glycol di(meth)acrylate. trimethylol 
20 propane tri(meth)acrylate. tetramethylol methane tetra(meth)acrylate. 
pentaerythritol tetra(meth)acrylate. dipentaerythritol penta(meth)acrylate. 
dipentaerythritol hexa(meth)acrylate. alkylene glycol di(meth)acnrlates and 
polyalkylene glycol di(meth)acrylates. such as ethylene glycol 
di(meth)ac.Vlate. butylene glycol d.(meth)acrylate. diethylene glycol 
25 di(meth)acrylate. triethylene glycol di(meth)acrylate. and polyethylene glycol 
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dKmettOacylate: d'^lnylbenzene. ally, mett-acylate. diallyl phmalate. diallyl 
.ecephthalate. and the like. sl,,gly or In comblnatiors of »»o or Of 
U,ese. divu-ylbenzene. butane glycol dimemac^ate, bu^nediol 
dlmett-aorylale. Mmefhylclpropana tnacylate. and pen.ae.ythh.ol .e.«- 
5 aoylate are h^hly preferred, and dMnylbenzene is still nnore highly preferred. 

Prefembly, *e branched vinyl polymer is polymerized using at least 
about 0.008 equivalents per 100 grams of monomer polymerized of at least 
one monomer having at least two ethylenicaily unsaturated polymertzable 
bonds, or 0.004 equivalents per 100 grams of monomer polymerized of each 
,0 of two monomers having mutually reactive groups in addition to an 
ethylenicaily unsaurrated polymehzable bond. Preferably, the branched vinyl 
polymer is polymerized using from about 0.012 to about 0.08 equivalents, and 
more preferably from about 0.016 to about 0.064 equivalents per 100 grams 
of monomer polymenzed of the polyfunctlonal monomer or monomers having 
,5 a. least »«o ethylenicaily unsaturated polymerlzable bonds or of the pair of 
monomers having one polymenzaUon bond and one addlUonal mutuaUy 
reactive group. 

The polyfunctlonal monomer or monomers preferably have fmm two to 
four ethylenicaily unsaturated polymerizable bonds, and more preferably *»o 
20 ethylenicaily unsaturated polymerizable bonds. In one embodiment i. is 
preferred for the branched vinyl resin to be prepared by polymerizing a 
^dure Of r^nomers that includes from about 0.5% to about 6%, more 
preferably from about 1 .2% to about 6%, ye. more preferably from about 1 .2% 
U, about 4%, and even more preferably from about 1.5% to about 3.25% 
25 divinylbenzene based on me total weigh, of the monomers polymerized. 
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(Commercial grades of dlvinylbenzene indude mo>«,*nc«onal Br^Ho, .»n- 
n,nc«onal maWal. The amount of *e commercial matertal needed to 
provKle the indicated percentages must be calculated. For example. 5% by 
weight of a matedal that is 80% by weight divinylbenzene«0% mono- 
5 functional monomers would provide 4% by weight of the divinylbenzene 

fraction.) 

The optimum amount of (1) dMnylbenzene or other monomer having 
at least two polymerizable ethylenlcally unsaturated bond or (2) pair of 
monomers having polymerizable group and addnional. mutualiy-reaCwe 
,„ gmups that are Included in the polymerization mixture depends to some 
extent upon the particular reaction conditions, such as the rate of addition of 
monomers durtng polymerization, the solvency of the polymer being fom»d in 
the reaction medium chosen, the amount of monomers relative to the reaction 
medium, the half-life of the initiator chosen at the reacSon temperature and 
,5 the amount of Initiator by weigh, of the monomers, and may be detam,ined by 

straightforward testing. 

other monomers that may be polymerized along with the 
- polyfunctional monomers and the acid-functional monomers (or monomers 
wM, groups that can later be converted to acid groups) include, without 
20 limitation, esters of a.p-ethytenlcally unsaturated monooa,l=ox,lic acids 
contalr-ng 3 to 5 carbon atoms such as esters of acr^ic methacryllc. and 
ctonlc adds; a,Mmylenlcally unsaturated dlca.t*xyfc acids containing 4 to 
6 carbon atom^ and the anhydrides, monoesters, and diesters of those acWs; 
vmy. esters, vinyl ethers, vinyl Ketones, and aromaUc or heterocyclic aBphatic 
25 Vinyl compounds. Representative examples of suitable esters of acylic, 
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n,emaco-li=. and omtonic acids induda. wHhout llmitaticn, those estars from 
action wim saturatad aliphatic and cydoaliphatlc alcohols containing 1 to 20 
ca*on atoms, such as mathyl. ethyl, propyl, isopropyl. n-butyl. isobutyl. lert- 
butyl. 2-athylhexyl. lauryl. stearyl, cyclohexyl. tnmeU,ylcyolohexyl. 
5 tetrahydrofurturyl. stearyl. sulfoethyl. and isobomyl acrylates. methacrylates. 
^ crotonates; and polyalkylene glycol acnrlates and memacylatas. 
Representative examples of other ethylenically unsaturated polymerlzable 
monomers include, without limitation, such compounds as lumaric maleic 
a™, iuconic anhydrides, monoesters. and diesters w«h alcohols such as 
,0 methanol, ethanol. propanol. isopropanol. butanol. Isobutanol. and tert- 
buta,K>l. Representative examples of polymerization vinyl monomers include, 
without limitation, such compounds as vinyl acetate, vinyl propionate, vinyl 
ethers such as viny. ethyl ether, vinyl and vinylidene halides. and vinyl ethyl 
ketone. Representathre examples of aromatk: or heterocyclic aliphatic vinyl 
,5 compour«is include, without limitation, such compounds as styrene. «-methyl 
styrene. vinyl toluene, tert^utyl styrene. and 2-vinyl pyrrolidone. The 
selection of monomers is made on the basis of vartous factors commonly 
■ considered in making ink varr^ishes, including the desired glass transition 
temperature and the desired dnutability of the resulting polymer in the solvent 
20 or solvent system ofthe ink composition. 

The preferred vinyl polymers may be prepared by using conventional 
techniques, preferably free radical polymehzaUon in a semi^atch process. 
For instance, the monomers. inltiato,(s). and any chain transfer agent may be 
fed a. a contmlled rate into a suHable heated reactor charged wHh sohrent in a 
,5 sem^batch pn>cess. Typrcal free radical sources are organic peroxkies. 
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including dialKyI peroxides, such as dl-tert-butyl pe,o>dde and dicumyl 
pemxide, peroxyesters. such as ter.-l>utyl peroxy 2-elhylhexanoate and tert- 
butyl peroxy pivalate; peroxy cartonates and peroxydioa*onates. such as 
,an-bulyl peroxy isopropyt carbc.«te. di-2-ethylhaxyl pe.oxyd.cartx,nate and 
5 dlcydohexyl peroxydicarbonate; diac^ peroxides, such as dlbenzoyl peroxide 
and dUaumyl peroxide; hydn.pe.oxldes, such as cumene hydroperoxWe and 
tert-butyl hydroperoxide; ketone peroxides, such as cydohexanone peroxide 
and melhylisobutyl ketone peroxide; and peroxyketals, such as 1.1-bls(.e.t. 
butyl peroxy)^.5,54hmethylcydohexane and 1.1.bis(.e,t-butyl peroxy) 
,„ cvdohexane; as we» as azo compounds such as 2.2'-azobls(2. 
methylbutanenitrile). 2.Z-azobis(2™thyl)proptonltme. and l.r- 
a«,bls(cydohexanecarbonMe). Orsanfc peroxides are preferred. 
ParMcularly preferred is lert-bu.^ peroxy isopropyl carbonate. Cham transfer 
agents may also be used in me polymerizatk>n. Typical chain transfer agents 
,5 are me.cap.ans such as octyl mercaptan. n- or tert-dodecyl meroaptan, 
,hlosallcyl-.c acid, mercaptocarboxylic adds sud, as mercap.oace.lc acid and 
mercaplopropionlc add and their esters, and mercaptoethand; halogenated 
impounds; and dimeric ^pha-methyl styrene. Preferably, no d,aln transfer 
agent is induded because of odor and oUrer known drawbacks. The 
20 pedicular Initiator and amount of Initiator used depends upon fadors known to 
the person skilled in the art. such as the readion temperature. *e amoun. 
and type of solvent (in the case of a solution polymerization). »,e half* of 

the initiator, and so on. 

The addiUon polymerteatton is usually earned out in solution at 
25 temperatures from about 20X to about 300-C. preferably from about iSOX 



PCT/US99/28173 

WO 00/32705 12 

,0 abou, 200-C, more preferably from about 160-C to about 165X. 
Preferably, .be polymerization is carried out «im approximately .be same 
^ ttmperature and using tt« same lnl«ator(s) throughout. The initiator 
Should be chosen so its halfJife at the reao«on temperah^re is preferably no 
5 morea^anabouturirtyminutes. parScularty preferably no more man about live 
mlnu.es, and ye. preferably no more man about two minutes. 

Paracularv prefer^ are inUlators having a ha«* of less man abou. one 
„i„u.e a. a temperalure of hom abou. 150-C to abou. 200-C. In general, 
„„,e of me branching monomer can be Inciuded when the ,ni«ator ha«e is 
,„ shorterand-orwhenmoreinisatorisused. The vinyl polymer venules of me 
^venfion preferably have imie or no «sidual (unreaded) monomer content. 
,n particular, me vinyl veh'^s are preferably substanUaily ftee of residua, 
^r. i.e.. have less man abou, 0.5% msidual monomer, and even more 
preferably less man about 0.1% residual monomer by weight, based on the 
15 total weight of me monomers being polymerized. 

,„ a seml.ba.ch process, me monomer and inWator is added to me 
polymerizallon leaCor over a period of «me. preferably at a consfan. rate. 
- Typlca.,, me add times are from abou. 1 .0 about 10 hours, and add .Imes of 
,™„ aboufmrne to abou.flve hours are common. Longer add times typ^ally 
,0 pmduce lower number average mole^larv^lghta. Lower number average 
^oiecular we^hts may also be produced by increasing me ,a«o of solvent U, 
™nomer or by using a sponger solven. for me resul«ng polymer. 

,„ general, .he branched vinyl polymer of me invention has a low 
number average molecular weight and a bmad polydlspers«y. The number 
25 averege molecular weight and weigh, average molecular weigh, of a vrnyl 
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,esin acceding ^ me inven«on can bo detem,ined by 9- pemeatton 
*,oma»9raphy using polysty^ne sUnda^ls, which a., avalabie lor up to 6 
„«„o„ weigh, avenge moleoular weigh., according .0 we«-accap.ed methods. 
Poiydispersity is de^ed as .he ra* 0. M. / M.. in a preferred enrbodimen., 
5 me viny, p^yn«r has a number average n».ec«,ar weigh, (MJ 0. a, leas, 
abou, 1000. and n«„e preferabV a. ieas. abou, 20O0. The nunnber average 
^tecutar w«gh, . aiso preferabiy iess *an abou. ,5.000, more preferably 
less man abou, ,0.000. and even more preferably less ttran abou, 8500. A 
preferred range tor M. Is from abou, ,000 ,0 abou. ,0.000. a more preferred 

,„ge is from abou, 4000 ,0 abou, 80CK,. The weigh, average motecular 
^b. Should be a, leas, abou, 30.000. preferably a, leas, abou, 100.000. 
The weigh, average n»leoular we«h, (M.) is preferably up ,0 abou, 60 
mBllon. based upon a GPC de,em,ina«on using an av*b,e sU>ndard hav.g 
.5 6 million weigh, average molecular weight A preferred range fbr M. ,s from 
a.„„, 30.000 ,0 ebou. 55 m»lion. a more preferred range for is from abou, 
,00 000 to abou. 1 milUon. and a s.ill mora preferred range is from abou. 
- ,00.000 to abou, 300.000. Resins having uHra^rlgh molecular weigh. 
shoulde„ (above abou. 45 million), which can be seen by GPC. are 
,0 p^era^y evaded tor me M. range of from abou, 100.000 to abou. 300.000. 
The po^dispersi.y. or raUo of M. / M.. may be up to abou. 10,000. preferabW 
„p to abou. 1000. The polydispersily is preferably a. leas. abou. 15. 
partalaHy preferably a, leas, abou, 50. The po^,dispersi,y preferably fails ,n 
me .r^e of fmm abou, 15 to abou. 1000. and more preferably i. falls .n a 
25 range of from abou. 50 to abou. 800. 
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The theoretical glass transition temperature can be adjusted according 
to methods well-known in the art through selecUon and apportionment of the 
commoners. In a preferred embodiment, the theoretical Tg is above room 
temperature, and preferably the theoretical Tg is at least about 60° C. more 
5 preferably at least about 70X. The methods and compositions of the present 
invention preferably employ vinyl polymers having a Tg of from about 50"C to 
about 125'C. more preferably from about 60°C to about 100°C. and even 
more preferably from about 70°C to about 90»C. 

In one embodiment of the invention, the acfd-functional vinyl polymer. 
10 which may be a branched vinyl polymer, is combined with other resins in the 
ink composition. Examples of suitable other resins that may be combined 
with the acid-functional vinyl polymer include, without limitation, polyester and 
alkyd resins, phenolic resins, rosins, ceilulosics. and derivatives of these such 
as rosin-modlfied phenolics. phenolic-modified rosins, hydrocarbon-modified 
15 rosins, maleic modified rosin, fumaric modified rosins; hydrocarbon resins, 
other acrylic or vinyl resins, polyamide resins, and so on. Such resins or 
polymers may be included in amounts of up to about 6 parts by weight to 
about 1 part by weight of the acid-functional vinyl polymer of the invention, 
based upon the nonvolatile weights of the resins. 
20 In additfon to the acid-functional vinyl resin and any optional second 

resin, the Ink compositions of the invention preferably include one or more 
solvents. In a preferred embodiment of the invention, the branched vinyl resin 
fomns a solution or apparent solution having no apparent turbidity in the 
solvent or solvents of the ink fom^ulation. The particular solvents and amount 
25 of solvent included is detemiined by the ink viscosity, body, and tack desired. 
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In general, non-oxygenated solvents or solvents with low Kauri-butanol (KB) 
values are used for inks that will be in contact with nibber parts such as 
rubber rollers during the lithographic process, to avoid affecting the rubber. 
Suitable solvents for inks that will contact rubber parts include, without 
5 limitation, aliphatic hydrocarbons such as petroleum distillate fractions and 
normal and iso paraffinic solvents with limited aromatic character. For 
example, petroleum middle distillate fractions such as those available under 
the tradename Magie Sol. available from Magie Bros. Oil Company, a 
subsidiary of Pennsylvania Refining Company. Franklin Park. IL. under the 
10 tradename ExxPrint. available from Exxon Chemical Co.. Houston. TX. and 
from Golden Bear Oil Specialties. Oildale. CA. Total Petroleum Inc.. Denver. 
CO. and Calumet Lubricants Co., Indianapolis. IN may be used. In addition 
or alternatively, soybean oil or other vegetable oils may be included. 

When non-oxygenated solvents such as these are used, it is generally 
15 necessary to include a sufficient amount of at least one monomer having a 
substantial affinity for aliphatic solvents in order to obtain the desired solvency 
of the preferred branched vinyl polymer. In general, acrylic ester monomers 
having at least six carbons in the alcohol portion of the ester or styrene or 
alkylated styrene. such as tert-butyl styrene. may be included in the 
20 polymerized monomers for this purpose. In a preferred embodiment, an ink 
composition with non-oxygenated solvents includes a branched vinyl resin 
polymerized from a monomer mixture including at least about 20%. preferably 
from about 20% to about 40%. and more preferably from about 20% to about 
25% of a monomer that promotes aliphatic solubility such as stearyl 
25 methacrylate or t-butyl styrene. with stearyl methacrylate being a preferred 
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.c. — r. « ,s .so P^-e^ - ^ '^^ 

sty^ne, P« .TO. about 55% .o ^ 80% s.yre„e. a™. ™« 

p.,e.b. a^ 60% .o about 70% s^nene. Me.M me«,ao^a.e or 

, «^en., ,f des^ea. M percentages are we>«ht, .«se. upon .He tota, 
„e*. o, the moncner n«ute p^me^ed. An^ong pretetred tnonon^r 
^pos^ons tot vtnvt po^rs tot ,»,ogtapnlo inKs ate those inc.*. a 
est. o, a„ .ooHo, naVng 3-20 cat^n a.o.s such as stea. 
^.aCate. stytena. d..„.en.ene. and (n».t„ac..>c ac«. -n a ptatetred 
,„ en^od^ment. a .tanc.«d V,„, a P--9 « . ™de w,tK .to. 

..out 15, pteteta* a^u. 20, to at»ut 30. pra,et^^ a.»u. 25, we.ht 
petce. o. a („«.,ac..c estet o, an alcot. ^ 3-20 oat^n at,«>s 
e.e«, stea,, ,ne«.cv>a.e; ^ ^ pteteta.,v a.»ut BO, to a>»u. 
.0 pte.eta«v a-u. 75, ^ petcen. o, a st.en,c n»™>.,et, espec* 

,3 stytene «se.. an an.unt o, dMnv.en.ene as ,nd^.ed at^ve; and ^ 
3,0.0.6, pte.,a«,a^ut2.5,toa^ut5.pMeta.va.>ou.4.we,Ht patent 

o, acrylic acid or. more preferably, of methac,y«c add. 

P^terabiy. the solvent or soWa,* mix^re ^ have a boiling po^t o. at 
.east about 100-0 and preferab, not more than about 550-C. 0«se. prin.^ 
.„ i„Ksn«y use so^n.s»«,b...g point above about 200.C. News inKs 

^ such as n^neral o»s. vegetable oils, and h,h boiiU,g petroieum 

..posit^n ,.ha. is. Whether the In. . tor nawsprin. heat^t, sheetted, etc, 
„ ^ s^ solvents used, and other .actors Known in the at. Typ«V 
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3o,ve„t cntem fcr limographic ioKs Is up «. ^ 60%, «h.h indude 
o-„s as pan o. me sc.en. parage. Usua»y. a. leas, about 35% solved Is 
p^n. .n ,Hhc8n.ph,o ,nK. W,«n used .o .o,.uU..e «-e preferred in. 

varnishes or vehides. including tlie 
compositions of the invention, these varnishes or 

5 branched vinyl .Bsins. are typically clear, apparent solutions. 

The ink composnions of the inven«on will usually include one or more 
p^ments. The number and Wnds of p^ments will depend upon the .cind o. 

being fomiulated. News InK compos«ons lyp^ll, - inCude on. one or 
p„,y a few p^ents. such as carbon bla* while grav.™ inKs may ind^ a 
.0 more complicated pigment package and may be .om.la.ed in many colors. 
.„*ding colors wi* special effeCs such as peartescence or metalUc effect. 
„h. prlnang InKs are typically used in four colo. - magenta, ye«ow. 
black, and cyan, and may be fom,ulated for peadescence or me* effect 
An, o, .he customary Inorganic and organic pigments may be used in the ink 
compos^ons of the present Invention. A«ema.ively. me oompos«»ns of .he 
i„,e*n may be used as overpHn. Issuers or varnishes. The overp... 
iacuers ,air drying) or varnishes (c«nng, a. intended to be dear or 
- - transparent and thus opaque pigments am notinduded. 

l.i«,„graphlc ink composi«ons ac^ming ^o the Invention are 
,0 fomru^ted as slngle-fUiki Inks having an on-based con«nuous phase tha. 
oon.ains Uie ack...unc«onal viny, vehlde and a polyd dlsconUnuous phase 
,■ Hnoivnl The vinyl polymer phase Is relatively Stable 
that contains a liquid polyol. ine vinyi v i 

.oward P^o. phase. The stabBty . sud, ma. me two phases do no. 
.p,ra.e In .he fountain. Duhng appUcatk. o, me ink, however, the emulsion 
,5 breaks end mepolyo, comes .o me surface. wet«ng outme areas of me plate 
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^a. are not .0 receive Ink. Inks ma. are stable in .he fountain bu, breaic 
to sepa^te on .i.e plate pnn, dean,, v^horr. ton^g and provKte 
^sisten. .ran* charaeterisUcs. Proper s^biiity aiso may depend upon the 
pa,«ou,ar add-ft.n*,nai viny. polymer and the par^oular polyol chosen. The 

5 add number and moiecu.r weight may be adiuated to provide the desired 
stability. Higher add number vinyl resins can be used in lower amounts, bu, 
«,e add number cannot be e>,cessi«ly high or else the ™yl polymer wil, not 
.esuflidenuy soluble in me hydrocarbon so^ent. In general. « is belie«d 
tt,a. an increase acid number o, the aCd-funCional vinyl resin should be 

,0 accompany b, a decrease In the amount o, such resin induded In the 

hydrophobic phase. 

Polyethylene glycol oligomers such as diethylene glycol, tnethylene 
glycol, and te^aemylene glycol, as well as ethylene glycol, propylene glycol, 
and dipropylene g^coi. are examples o. I^uld polyols that are pretened tor 
,5 the polyo. phase o. me singie*id InK o, me inven«on. The polyo, phase 
o. c»urse. »,dude mixtures o. different liquid polyols. In genera,, lower 
add number viny, or acrylic po^rs are used wim higher modular we^ht 
polyols. The polyol phase may indude ,u,mer r^terlals. A weaR ac« such 
as d«c add, tatahc add. or tannic ac«. or a weaK base sud, as 
.„ trlemano.an.ne. may be *,cK.ded in an amount o, *om about 0.0, weight 
^ „p to about 2 weight percent o. me InK composl«on. Certein salts 
sud. as magnesium n«rate may be induded in amounts o, from about 0.0, 
^ pe^t to about 0.5 weight percent, preferably from about 0.08 to 
about 1.5 weight percent based on me weigh, of ma ini. composition, to help 
„ proted me pute and extend me l«e o, me plate. A wetUng agent, such as 
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polyvinylpyrollidone. may be added to aid in wetting of the plate. From about 
0.5 weight percent to about 1.5 weight percent of the polyvinylpyrollidone is 
included, based on the weight of the ink composition. 

Single-fluid inks may be fomiulated with from about 5% to about 50%. 
5 preferably from about 10% to about 35%. and particularly preferably from 
about 20% to about 30% of polyol phase by weight based on the total weight 
of the ink composition. Unless another means for cooling is provided, there is 
preferably a sufficient amount of polyol in the ink composition to keep the 
plate at a workably cool temperature. The amount of polyol phase necessan^ 
10 to achieve good toning and printing results depends upon the kind of plate 
being used and may be detemiined by straightfonvard testing. Up to about 4 
or 5% by weight of water may be included in the polyol phase mixture to aid in 
dissolving or homogenizing tiie ingredients of the polyol phase. 

It will be appreciated by the skilled artisan that other additives known in 
15 the art that may be included in the ink compositions of the invention, so long 
as such additives do not significantly detract from the benefits of the present 
invention. Illustrative examples of these include, without limitation, pour point 
depressants, surfactants, wetting agents, waxes, emulsifying agents and 
dispersing agents, defoamers. antioxidants. UV absorbers, dryers (e.g.. for 
20 formulations containing vegetable oils), flow agents and other rheology 
modifiers, gloss enhancers, and anti-settiing agents. When included, 
additives are typically included in amounts of at least about 0.001% of the ink 
composition, and may be included in amount of about 7% by weight or more 
of the ink composition. 
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The composHlons of *e inventton a« part^larty suited for use in 
appiloauons. InCuding, w«hou. ,inn«ao. as hea.se. news 
,„Ks and sheered InKs. 0«se. pnn«ng processes in which .he inks o. *e 
■,„ven*>n may be used are well^nown in «« ar. and are described in many 

5 publications. 

The hvenuon is UlusWed by *e following examples. The examples 
s,e merely nh,sWive and do no. in an, way r- «>e scpe of me inventon 
as described and dalmsd. All parte are parts by we^-* un-ess o.hen«se 

noted. 
10 Examples 

rmmnlr-' pr'r""""" """^'"'^ 

M amount of 44.19 parts by weight of Total 220 (a peUoleum middle 
«la,e fracUon available fn^ Total Petroleun,, Inc.) is charged to a glass 
reactor equipped stirrer. niUogen inlet, total reta condenser, and 
.5 n^nomerwet The soiven. is heated to 160-C with stirnng under a blanKet of 
„H^en. A monomer mbdure of 36.01 parts by weight s^,rene, 12.27 parts 
hy weight stearyl memacrylate, 2.62 parts by weigh, divinyiber^ene. 1.69 
- pans by weigh, memacyi. acid, and 2.79 parts by we*, t-bu.^ peroxy 
^p^py, carbonate (75% s^u«on ,n mUier^ sprits) is added to the reactor 
,0 over a penod of U,^ hours. After U,e monon«r addition complete, 0.23 
parts by weight of t-butyi peroxy isopropy. cart,ona.e is added over a period of 
BteenmUiutes. The tempe^ture is held at 160-C for an addltiona, two hours 
«, ^ *>, cx-rtplete conversion o, the n^nomer .o pc^er. The measured 
amount of non-v^atile matter (NVM) is 55%, The percent conversion. 
« measured as NVM divided by the percent of the total weigh, of monomers. . 
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100.1. The acid number on solution is 12.0 mgKOH per gram. Theviscosity 
is 30 Stokes (bubble tube. 54.4X). The solvent tolerance is 230% and the 
NVM at cloud point Is 16.7%. 
p>.^rnr'° ^ Prp- paration ^ \/i"vl Varnish 
5 An amount of 44.22 parts by weight of Golden Bear 1108 (a petroleum 

„,iddle distillate fraction available from Golden Bear Oil Specialties) is 
charged to a reaction flask equipped with stirrer, nitrogen inlet, total reflux 
condenser, and monomer inlet. The solvent was heated to 145«C with 
stirring. A monomer mixture of 33.86 parts by weight styrene. 12.6 parts by 
,0 weight stearylmethacrylate. 3.1 parts by weight n-butyl acrylate. 1.31 partsby 
weight divinylbenzene HP (80% divinylbenzene). 1.89 parts by weight 
methacrylic acid, and 2.89 parts by weight t-butyl peroxy isopropyl carbonate 
is added to the reaction flask over a period of 3 hours. After the monomer 
addition is complete. 0.23 parts by weight of t-butyl peroxy isopropyl 
15 carbonate is added to the flask over a period of 15 minutes. The temperature 
is held at MS-C for an additional Iwo hours to allow for complete conversion 
of the monomer to polymer. The measured amount of non-volatile matter 
- (NVM) is 56%. The percent conversion, measured as the percent of the total 
weight of monomers converted to non-volatile matter is 101.5. The acid 
20 number on solution is 12.0 mg KOH per gram. The viscos^y is 47 Stokes 
(bubble tube. 54.4«C). The solvent tolerance is greater than 1400% and the 
NVM at cloud point is less than 3.7% (i.e.. no cloud point is observed yet at 
this dilution). 
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p.-. - p |. ^ Pre, I inli-r "' i- '"H "'""^ 

;^ amount 0, 461^ parts b, we^h. o, SOO (a p*^au. 

^a,e d^ate *3c*o ava»ab,e fro. Ca>u™e. LuMcan. Co., ,s Ca^ed . 
3 ,ass reacor e^ppad nnrogan Nat, .Ota, -aflu. condensar. and 

S ™„on«r,n,at The sCan. . heated .o 145-C *Hng under a b,anKe. o, 
^en. A ^ o< 350.1 parts b, weight styrane. ,31.3 pats 

^ ... .!■) 1 narts bv weight n-butyl actylate. 17.1 
by weight staatyl methacrylate. 42.1 parts by we g 

parts by w^gh. diviny,ben.ene HP, 9.8 parts b, weigh, methacyite add. and 
«2 parts by weigh, t-buty. pe..y .opropyi carbonate (75% ^ >n 
>0 „inera,spi,..s,.saddedtothareac.oroverapaHodo.thraehonrs. Merthe 

^„on«r addiUon is con,piete, .4 parts by w.gh. o, .-b^ parc». .sop^P. 
^„a. . added over a per^ omeen n,inu.as. The .n^ra^re is he« 

a. ,45-C *.r an add«iona, hou. to ^iow for oon,pie.e conversion o, the 
„r to poiv^er. The n«as„,ad ar^n. o, „cn^.a«ie matter ,NVM, . 

„M=,irt.d as NVM divided by Uie percent ol 
15 56%. The pen^nt conversion, measured as NVK. 

. .<M B The acid number on soluton B 6.3 
«,e tetai weight of monomers, is 101.6. The acid 

Th. viscosity is 35 Stokes (bubble bibe. 54.4-C). The 
mg KOH per gram. The viscosny 

- - solven. toiarance is 80% and the NVh* at cloud poin. is 31 .0%. 
p,-„ pi»4 Pre.)af^tio n.vfilVinvlVgn.i5& 

An amount o, 1548.1 parts by we'^ht o, ExxPHnt 283D (a petroiaum 
^ d«a.e iraction avaiiabia .ro. Exxon Chamica, Co., . chaigad to a 
^ass reactor e<,u*pad wim sUrrer. nUrogen iniet, tota, re«ux condenser, and 
monomer intatThesoWan..heatad to 145-Cw«hs«ngundarabianKeto, 

numgen. A monomer mixture of 1248.5 parts by we^h. styrene, 429.6 par« 
, hy weight staaryi me»,ac.y.ate. 102.8 parts by we.h. n^u., aoyta.. 68.9 
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parts by weigh. dMn,be„.ene HP, a™. 85.7 b, we„h. .-bu.,, pe.xy 
^p„p, ca*o.a.e (75% so«on in *era, sp*, is added .o .he factor . 

parts b, weigh. o..*u.y. perox, Isoprop,. oart»,na.e . added over a pertod o, 
3 «.e„r.„u.es. The ..nperan,. is heM a. l4S-C.oranadd>«on.t»ohoor, 
. a.ow .or oonpie. converse" o. me ,,»non«r .o po,^r. T„e h«asured 
a™„n. o, noo-voUUle h««er (NVM, ,s 56%. The per«h. conversion, 
^asured as NVM divided by me percen. o. «,e .oU- we^h. of monomers, . 

■ , I. Stokes (bubble tube, 54.4-C). The solven. 
101.4. Tl'e vlscosily B 26 itoKes iuuu 

10 tolerance is I6O0/0 and the NVM at cloud point is 21 .5%. 

t u«.oteAt «5lnale Fl"'^ Printing '"^ /^rrnrdino tQ 
F^.om plA R Pre p n nt ion nf a He^^tset Single ^- tu 

tha Invention 

660 grams o,me foiiowing Mixn,re 5A added to 142.0 grams ofme 
wowing M^ure 5B wim sWng. The inK compos«>on ,s m.ed .or 20 
„ ^putos on e d.persa.or, maintoining a vortex and holding .e tompera^re 
under 140-F. The ink composiBon has a single ,ai, .ime Uray o, 14 to 

=1 wc When used in a single-fluid heatee. 
seconds for 500 grams a. 30 C. wnen 

- ■ Bhographic pnn«ng process, me ink prin.s wimou. toning. 
MixhireSA: 

a ^ass heaker un« clear 181.0 grams o. diemylene glycol. 8.0 

„We. Add l91.2gramso.d«myleneglycoland m^ un« homogenous. 
Mixture 5B: 

. u mivpr 46 0 grams of the vinyl vehicle of 

Mix. using a high-speed mixer. 46.u gra 

«f Rine Flush 12-FH-320 (available from CDR 
25 Example 1. 4.0 grams of Blue Fiusn 
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Con=o*„. B^abemtown. KY, 1.0 gram ^ ^ Scy ol, (available 
^ CarB.,, Chicago, IL, an. 0.6 gran,s o. an an« Wb.. ^.ng. add 
34 4 g-an-s o. a byd««art»„ .^In scl*n (60% LX-2600 In EXX-P*. 283D. 
3va»ab,e *on, Nevnle), 27.0 grams o. a oa*on b^oK (CSX.,66 ava«e .rem 
, Cabc. corp.), and 1.0 gram o, a pol,.o»afl«.oa«.ylene wax (Pmnaole 
gSOOD available from Cano, Sclen*,. Mix a. a h^h speed for 30 mlnu.es 

3, 300T Slow ^ mixing speed and add 27.0 grams of EXX-Prin. 568D 

(3va«ab,e f.m Exxon), Mill me pre^x a shot m.i .0 a suHable g*d. 

„^,e B has a Laray viscos^ of 180 lo 240 poise and a Laray yle« of 800 
,„ .0 1200 (according .es. meihod ASTM 04040: Power Law - 3K. 1 .5R. 0.7K. 

O.3.). MMure 5B Is fesled on .he InKomefer for one n^nufe a. 1200 rpm for a 

measured result of 26 to 29 unite. 

thA invention 

15 Mixture 6A: 

A n^xfure of 87.0 g^ms of dle«,ylene glycol, 12 7 grams o, glycenn. 
0.15 gram of c«ric acid monohydrate, and 0.15 grams of magnesU,m n»ra.e 

A hoat rat 130-140"F) until homogenous, 
hexahydrate are stirred with heat (at 1JU ; 

Mixture 6B: 

A bfend of 40.2 grams of a gOsonlte varnish. 0.8 gram oronite, 17.9 
a.ms MSO solvent (available .n,m Calumet), and 41.1 grams o, a carbon 
^ (CSX^O from Cabot Con>.) were m«ed with shear to a 4.0 on the 
Hegman grind gauge, and «.h ground In a shot mill to a gHnd on a 2 m„ 
gauge of at ieas, 0,10. The Laray viscosity a. 30-C is measured as 296 porse 
„ for a drop wan 2000 g^ms of added weight and as 1332 p.^ fer a drop wnh 
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aOO grams o, added we>gW 25% aocu.^) and ,>ves an ,n,co,ne.. read'^, 
a. 90-F (Src) for 1 n.nu.e a, 400 .pn, ^ ^ ^ 

1200 rpm of 5-10 units. 
News Ink: 

The news « prepared by m«ing «„e.her 32.4 grams o, Ure m^re 

.ading a. 90-F (32-C) tor 1 minute a. 400 n.m «o«ed Unmed^e,y by 1 
.,™.at1200rpmonB.Bu„«s.aUray Viscose 3.30-00,375 po,se*.a 

,0 grams o, added we^t 25% accuracy, and a .s^ as measured 
accordU. . ASB. O4040 (power ,aw 2000. 1500, ,000. 500, a. 2500 . 0 
as5^v.«Hapseudoy^of1709dynespercm-.Toob«n«,e.K.300 

„,„.es.THeres*glnKbasas.g.««meUraya,30-Co,21se„nds 

lithographic printing process. 

examples 7-12 and Comparative Examples AJ) 

The Examp.es 7-12 and Comparative Bxam^es were prepared by the 
„.U»d o, Exampie 5 and tes^ tor stab«i.y and toning in a 
20 printing process. 
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Ta^SZ black pigment in 51% of the hydrocaton vamlsh soMon. 3% 
soy oil. 17o of antioxidant 
3. Mixture 5A of Example 5. 




10 



Immediate 
(tones on firsl 

^sheet) 

- 4. 55% RP 369 (avi i Le f,om We=tvaco. bl. Luu,^. UVl ii^mm^ 
The invention has been described in detaU «ilh reference to preferred 
en^odUnents *ereo,. .. shou« be understood, however, ma. variations and 
modlficaticos can be made «tthin the splrH and scope of the invenBon and of 

the following claims. 
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What is claimed is: 

1 A lithographic ink composition, comprising 

a continuous phase comprising an acid-^nctional vinyl resin and 
a poiyoi phase comprising a liquid polyol. 
3 2 A lithographic ink composition according to Cairn 1. wherein the liquid 
polyol is selected from the group consis«ng of e^ylene glycol, dieth^ene 
,,co,. triethylene glycol, tetraethylene glycol, propylene glycol, dipropylene 
glycol, and mixtures thereof. 

3 A ,»hog«ph.o convo^ accordin, to da^ 1. — ^ ^ 
,0 con,pos>«oo U,dudes ^ ^ 5% .o about 50% o, .he po,yo, phase hy 

weight. , 

4 A Whic inK c^posiSon according «, da,m 1. whe^in «,e 

oo„pos«on h-dudes .™n about 10% . about 35% o, the potyo, phase b, 

weight. 

„ 5 A, .hog^phMoK composition acco«.ihg to cairn l.whe^ln the ,nK 
coHH^sMon indudes m,n, about 20% to about 30% o, the po„oi phase b, 
weight. 

,^ 6. A iithographicinK composition acco«.i,«.»o'--'.'«'=**=^'>"' 

phase includes a weaii acid or a wealc base. 
,„ r. Aii.hog.ph.cin.compositiona«otdi,«-o.ai>n,.»he,ein.hepo.>.. 

phase include magnesium nitrate. 

«. Aii.hog,aph.inKcompos*>nac»,din«tociai™l,«he,einthepo^M 

phase is nonaqueous. 
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9. A lithographic ihk composition acconiino to dalm 1, wherein the vinyl 
poi,n,e, has as add number of at least abotn 3 mg KOH per gram 
nonvolatile. 

10. A lithographic ink composition according to daim 1. wherein the vinyl 
5 polymer has as acid number of from about 3 to about 30 mg KOH per B«m 

nonvolatile. 

11. A iithographte ink composition according to dalm 1. wherein the vhyl 
polymer has as acid number of *om about 8 to about 25 mg KOH per g«m 
nonvolatile. 

10 12. A lithographic ink composition, comprising 

a continuous phase comprising a branched, acid-functional vinyl resin 

and 

a polyol phase comprising a liquid polyol. 
13. A lithographic ink composition according to claim 12. wherein the vinyl 
15 resin has a number average molecular weight of between about 1000 and 
about 15.000 and a weight average molecular weight of at least about 
100.000. 

- 14. A lithographic ink composition according to claim 1. wherein the 
continuous phase further includes a member selected from the group 
20 consisting of polyester resins, hydrocarbon resins, alkyd resins, phenolic 
resins, rosins, cellulosic resins, and modifications thereof, and mixtures 
thereof. 

15. A method of making a lithographic printing ink. comprising a step of 
combining a first composition comprising an acid-functional vinyl resin and a 
25 second composition comprising a liquid polyol. whereby a printing ink is 
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formed having as a continuous phase the first composition and as a 
discontinuous phase the second composition. 
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